Paradigms of isometric force control allow study of the generation and release of movement in the absence of complications due to disordered visuomotor coordination. The onset and release of isometric force in Parkinson's disease (PD) was studied,using computerised determinants of latency of response and rate of force generation and release. Components of isometric force control were related to measures of cognitive, affective and clinical motor disability. 
Parkinson's disease (PD) is, primarily, a disorder of voluntary movement, but cognitive deficits and depression are also recognised as common features."2 Clinical observations of PD have stressed akinesia as the key component of the motor disorder which, with rigidity and tremor, forms the classical clinical triad. Most research on disordered movement in PD has been directed at the isotonic profile; in isotonic tasks, an overt movement is required for successful response, for example, to track a moving target,3 or to combine or sequence set movements. 45 The nature of the isometric force profile in PD is, however, also important for several reasons: first, clinical complaints of weakness are common; second, isometric tasks, in contrast to isotonic tasks, do not involve visual perception and spatial orientation which may be separately affected by cognitive disturbance; third, isometric movement (for example, squeeze) has been proposed as the best correlate of akinesia;' fourth, the isometric force profile allows clearer evaluation of force relaxation as well as expressed as the number of revolutions achieved in thirty seconds, averaged across the two hands.
FORCE CONTROL
Isometric force was measured using a hand grip dynamometer which consisted of a manipulandum of two aluminium strips padded with foam. The strips were connected to a sturdy connecting frame and strain measuring device. The apparatus was fixed with clamps to a sturdy shelf which could be altered in height and position so that the manipulandum could be gripped easily with the hand. This device has been reported to give a reproducible and acceptable measure of hand grip strength.'3 Output from the device was converted into a direct measure of applied force in Newtons (N) by a BBC Master Series microcomputer. New computer programs were written to enable the measurement of both reaction time and rate of change of force for each isometric movement.
During the experiment, the subjects were seated with the manipulandum positioned to one side, such that the device could be easily and comfortably gripped. Instructions were given to the subject to grip the device as hard and as quickly as possible on hearing a 250 ms auditory tone, delivered by the computer, and to maintain the force until a second tone was heard, four seconds later; subjects were then to release force as quickly as possible. The output of force applied to the handgrip was sampled every 003 seconds throughout the experiment. The time from the first tone until an increment of ten Newtons had been reached was recorded as reaction time to force onset. Rate of acquisition of maximal force was measured as the rate of force applied until three consecutive 0 03 second interval force recordings had been within ten Newtons of each other, implying the flattening of the curve as maximal force was reached. Once three such recordings were achieved, the force applied was divided by the time taken to reach the second of the three recordings to give a measure of mean rate of acquisition of maximal force in Newtons per second. Reaction time to force release was taken as the interval between the second tone and release of force through ten Newtons. The rate of release of force was calculated from the absolute force level at the end of the reaction time to force release divided by the time taken to reduce the force level to zero Newtons, expressed as Newtons per second.
Subjects were given three practice attempts. The homogeneity of findings in the two groups of patients with PD enabled ranked correlations to be performed on the whole PD group. Correlations were performed between the four experimental variables (latency and rate of force change for both generation and release) and scores on the KCRS, FFM, BDI, BDS, MQ, and the WCST (table 2) . No significant correlations were found in the PD group between the latency to force onset or release and any of the motoric, cognitive or affective scores. By contrast, the rate of force generation and the rate of force release correlated with both clinical motor measures, KCRS and FFM, and severity of depression. No correlation was found between any of the experimental variables and overall cognitive score as judged by the BDS or frontal lobe function as assessed by the WCST. However, significant correlations were found between both rate of force generation and release and memory quotient (for force generation, rho = 0A44, p < 0 05; for force release rho = 039, p < 005).
LONGITUDINAL STUDY (FIGURE 4) Compared with their first assessment, the control group showed no significant improvement on their second assessment on any of the measures of reaction time or rate of change of force. Thus controls showed no significant practice effects. Both the clinical motor measures, KCRS and FFM, improved in the subgroup of PD patients who were followed longitudinally, before and after treatment (for KCRS, z = 2-77, p < 0 01; for FFM, z = 3 21, p < 0O005). This PD subgroup also showed a significant improvement in the rate of release of force (z = 2-58, p < 0 01 ) and a similar, though not statistically significant, trend for improvement in rate of force generation (z = 1-59, p = 0-112). There was, however, no significant change in the latency to force onset or release. No significant differences were observed related to the nature of treatment, but the numbers involved in each treatment group are small and genuine differences may be masked.
In summary, effective treatment of clinical motor disability in the PD patients was associated with a dissociation between the isometric force measures; latencies were unresponsive to treatment, but rate of force release showed a significant improvement.
Discussion
The results of this study unequivocally demonstrate an abnormal isometric force profile in PD. The profile was abnormal in terms of latency and rate of generation and relaxation of force; however, patients did achieve normal levels of maximal force so that abnormal force profile is not a non-specific effect of weakness. Positive correlations were demonstrated between the isometric force measures of rate of production and release of force and clinical motor disability, finger dexterity, severity of depression and memory quotient. No such correlations were seen for isometric latency measures. These results suggest that components of isometric force are dissociable in PD. This conclusion is supported by the effects of treatment: in concert with improved motor disability, treatment improved rate of force Figure 4 Latency and rate of change offorce during onset and release of isometric force for de novo PD patients studied before (1 ) and after (2) treatment that produced significant improvement in clinical motor disability. Healthy control subjects were assessed on two occasions, separated by a similar interval. Results are expressed as mean and SEM. Treatment improved rate offorce change but not latency of response.
release and tended to improve rate of force generation but had no effect on response latency. These results add to our understanding of the nature of the motor deficits in PD, specifically by accounting for the effects of treatment, disease duration and cognitive and affective disturbances. Moreover, the use of an isometric paradigm extends previous observations on isotonic movement but avoids many of the confounding variables, such as visual perception, spatial orientation, estimation and prediction.
Patients with PD were shown not to be weak but were unable to initiate force normally, as shown by the prolonged latency to force onset. This finding agrees with previous studies of isotonic movement in PD that demonstrate a slowing of movement onset times. 4-16 However, isotonic and isometric reaction times may not be directly comparable. In an isotonic task, some limb movement is required, for example to release one button to hit a second, to turn a lever or even simply to release or leave a home key. Those processes involved in movement preparation, distance estimation, spatial location of the target and selection of the appropriate forces required to effect movement are all important aspects of success in any isotonic task. The isometric tasks in our experiment did not require overt limb movement, the location of a target, or estimation of distance and appropriate force level. Thus the tasks used may be less dependent on higher cognitive function and represent a more pure motor measure.
The finding of slowed force initiation and generation is in keeping with other studies of isometric force production in PD. '7 18 However, the study of Stelmach et al (1989) involved chronically-medicated, weak patients and examined reaction time and rate of force development to various fixed percentages of peak force. Our study extends these observations to newly-diagnosed, untreated patients of normal strength who were required to develop maximal force. The use of maximal force as an end-point in our study highlights the slowed rate of force generation in this group, even when the isometric equivalent of an isotonic ballistic movement is used.
The abnormalities in rate of force production are compatible with observations of EMG activity during movement in PD. Patients with PD are unable to generate an adequately scaled EMG triphasic burst to carry out a successful movement. 9 As a consequence, they employ a series of small amplitude bursts to complete the movement. In our experiment, patients reached normal levels of maximal force but appeared unable to achieve normal force production characteristics, despite maximal efforts.
The small amplitude EMG bursts seen during movement have been used to formulate a hypothesis that patients with PD have an inability to allocate appropriate "neural energy" into motor programmes that leads to akinesia.20 This hypothesis would predict that abnormalities of force profile would be greater in situations requiring greater effort, in partic- 
